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FOI®\TARD 
This is one of two st.udies which, it is hoped, will lead to a 
series of research projects relating to transfer of learning in 
arithmetic. As such, this study is largely e:Xploratory in nature 
and subject to needed refinement in similar projects in the future. 
Undoubtedly one of the study's most serious limitations is to 
be found in the lack of a control group. Gains (and losses) were 
measured in a test-retest situation for only one group of children: 
those tfho received interpolated instruction between pre-test and 
end-test. Obviously the observed gains (or losses} represent 
changes due to at least ttfo causal factors: the effect of in- . 
struction, and the practice effect in any test-retest situation. 
The absence of a control group made it impossible to separate 
the latter factor from the former. 
This limitation must be kept in mind when interpreting the 
data reported and the conclusions reached. Hmfever, the large 
magnitudes of certain of the t-ratios, coupled with a relatively 
long period of time between pre-test and end-test which tends to 
minimize the practice effect, do not render the conclusions wholly 
unlikely or unwarranted. 
This study has served its purpose in exploring one phase of 
transfer of learning in arithmetic, and will form a good basis 
for future studies which will have greater refinements of tech-
nique and control of causal factors. 
J. Fred Weaver, Advisor 
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CHAPTER I 
THE PROBL]I~ AND ITS JUSTIFICATION 
I THE PROBLEM 
The purpose of this study was to see whether a signifi-
cant amount of transfer of learning takes place when fourth 
grade pupils who have been taught the various concepts and 
skills necessary for understanding halves, thirds, and fourths 
are given work with .fifths, sixths, and eighths. 
II JUSTIFICATION 
For many years psychologists have been interested in the 
problarn of transfer of training. Although experimentation has 
been done on the general problem of transfer, much more is 
needed --- especially in specific instructional areas such 
as arithmetic. 
Rosskopf tells us: 
There remains much experimental work to be done 
on transfer • • • Not only do we need to learn 
more about what is transferred but we need to 
experiment to see how transfer can be facilitated. 
But, and this is important for all teachers, 
experimental research indicates that transfer is a 
fact. How to make the percentage of transfer 
larger is a problem that every teacher recognizes 
---=-- ==-- -
1 
and that eiery teacher works on in his own 
classroom. 
This study has been undertaken to see if children who 
have been taught in a meaningful way can make significant 
amounts of transfer in one phase of their work with common 
fractions, thus decreasing the amount of specific instructional 
time required during the learning process. 
III SCOPE 
This experimental study was conducted by the writer in 
a fourth grade class of 31 children and covered a period of 
three weeks of teaching halves, thirds, and fourths in a 
meaningful way. 
1 Myron F. Rosskopf, "Transfer of Training." 
T\a1ent -First Yearbook of the National Council of Teachers 
of Mathematics. 'Washington, D.c. 1953), p. 219-22o:--
2 
CRAFTER II 
LITERATURE .AND RESEARCH ON TRANSFER OF LE.ARNmG 
Ethel Kortage tells us that: 
The purpose of education is to prepare the 
individual for society, and this means to prepare 
him to meet situations which will differ in many 
respects from the educational· situation in which 
the preparation was acquired. This preparation 
succeeds or fails depending on the ability of the 
student to transfer training in school to society.l 
But what is meant by transfer? 
First, transfer is a fact, as revealed by nearly 
eighty per cent of the studies; second, transfer 
is not an automatic process that can be taken 
for granted, but it is to be worked for ••••• and 
third, the amount of transfer is conditioned 
by many factors, among which are: age, mental 
ability; {possibly} time interval between learn-
ing and transfer; degree of stability attained 
by the learned pattern; "knowledge of directions, 
favorable attitude toward , the learning situation, 
and efficient use of past experience"; accuracy 
of learning; "conscious acceptance by the learner 
of methods, procedures, principles, sentiments, 
and ideals"; meaningfulness of the learning 
situation; . the personality of the subject ----
greater transfer in extroverts than in introverts; 
method of study; suitable organization of subject 
matter presentation; and provision for continuous 
reconstruction of experience.2 
1 Ethel Kortage, "Transfer of Training." School Science and 
Mathematics 48: 632; Nov. 1948. 
2 Pedro Orata, "Recent Research Studies on Transfer of 
Training With Implications for the Curriculum, Guidance, 
and Personnel Work. 11 .Tournal of Educational Research 35: 
81-2; Oct. 1941. 
-- -=-jj __ -
3 
Humphreys tells us that: 
By transfer of training we mean the influence of 
past training in a new situation which differs 
from the original training situation.3 
Kingsley gives as his definition the following: 
When training in one situation on one form of 
activity affects one's ability in other types of 
activity or one•s performance in different 
situations we have wh~t is commonly understood as 
transfer of training. 
Transfer of training theories change as the psychological 
theories of learning do, and each new development in the 
psychology of learning leads to new experiments on transfer of 
training and to reinterpretation of past experiments. There-
fore to better understand the present conclusions on transfer 
certain other doctrines will be discussed briefly. One of the 
most conspicuou-s is the doctrine of formal discipline which 
i s based on what is known as "faculty psychology. 11 Properly 
understood, a faculty is a capacity or an ability. As common 
observation tells.us, our minds, as subjects of conscious 
activities, are capable of being affected in various ways and 
are able to effect various kinds of activity. Mental abilities 
may be divided into two broad but distinctive categories, the 
3 Lloyd G. Humphreys, "Transfer of Training in General 
Education. 11 Education Digest 1?: 13; Oct. 1951. 
4 Howard L. Kingsley, The Nature and Conditions of Learnin • 
(New York: Prentice-Hall, Inc., 1946 ·, p. 521. 
4 
cognitive and the appetitive, but we are concerned v.ri th only 
the cognitive faculties which include perception, imagination, 
! learning, memory, and reasoning. 
I 
II The theory of learnl.ng called formal discip line holds 
~~ that these cognitive f a cul ties can be trained by exercise. 
1
;rt was believed by most educators prior to and at the begin-
ning of the t\ventieth century that the aim of education wa s 
I to improve these faculties by drill subjects such as Latin, 
, Greek, and mathematics. The educators and psychologists 
!believed that a considerable skill in the p sychological 
I
I operations involved in the study 
1
mathematics could be transferred 
II 
of ancient languages and 
to any other situation or 
I 
subject. 
A rep ort of the "Committee of Ten" reflects the p oint 
of view prevalent at that time. 
The mind is chiefly developed in three \vays: by 
cultivating the powers of discriminating observa-
tion; by strengthening the logical faculty of 
following an argument from point to point; and 
by improving the process of comp arison, that is, 
judgment ••• studies in ••• mathematics are 
traditional training of the reasoning faculties. 5 
This committee was app ointed in 1892 to make a survey of 
I prevailing practices \vi th regard to the secondary school 
I 
'j studies and to make recommendations and suggestions for I . 
!! improvement in such matters as methods of teaching, time 
II 
1
:5 Rep ort of the Committee of Ten on Secondary School Studies. 
National Education Association. (New York: American Book 
Company, 1894)' p. 168. 
5 
I 
II 
I 
because of practice. He decided that any improvement vrould 
be caused by acquiring more proficient method of learning. 
From about 1900 on many experiments of a more scientific 
ne.ture by other psychologists regarding the amount and condi-
'' tions of transfer of tra.ining were made. 
The death-blow to the doctrine of formal discipline was 
struck by the publications of the 
I 
scientific investigations of ': 
1 Thorndike and Woodworth in 1901. It is in these papers that II 
I 
I 
I! 
the doctrin e of identical elements vras stated: 
Spread of practice occurs only where identical 
elements are concern1d in the influencing and 
influenced function. 
Their method was to give f ive students practice in 
II 
!I 
'I 
II 
lj 
!I I· . estimating the areas of rectangles varying in size from 10 
square centimeters to 100 s quare centimeters. They fo1.'nd that IJ 
the students showed considerable improvement in estimating I, 
I, 
a rea s of small rectangles if t h ey were given the correct ar ea , 
II 
II 
after each estimate. But when the stuoents were confronted 
'· with the problem of estimating areas of a large rectangle or 
I, 
II 
areas of figures with different shapes it was found that the 
stu4ents showed little improvement. They were only 44 per II 
cent as skillful as they had learned how to be during the l1 
,, 
previous training period. · In other words, it looked as though II 
the previous skill was more or less specific to the particular 11 
7. Ed1vard L. Thorndike and Robert S. \•loodworth, 11 Influence 
of Improvement in O:p.e J'.'fental Function Upon the Efficiency 
of Other Functions." Psychologica.l Review 8: 247-61; 
1901. 
7 
situation in vthich the skill had been gained. It was not, 
therefore, wholly transferable to a new situation even though 
the new situation greatly resembled the practice situation. 
Since the time of the earliest experiments it has been 
recognized that the more VNO problems or situations are alike 
the more transfer will occur. The important experiments by 
Woodworth and Thorndike led to the formulation of the widely 
accepted doctrine of identical elements. Woodworth believes 
that a correct formulation of the theory is as follows: 
The more definitely the principle is isolated, even 
to the extent of formulating it in words, the more 
chance of transfer • • • if the principles are 
embodied in words, they are concrete bits of 
behavior and their transfer from one situation 
to another creates no gifficulty for the theory 
of identical elements. 
Thorndike developed and expanded his theory as new 
data appeared. Identical elements were extended to include 
words or components and in 1938 Woodworth suggested that it 
would be more appropriate to use the word 11 consti tuent" or 
9 
11 component 11 in the place of "element." 
Thorndike also recognized that transfer occured even 
when the elements were not identical and so postulated this 
theory as follows: 
8 Robert s. \ifood\vorth, Experimental Psychology. (New York: 
Henry Holt and Co., 1938}: p. 207. 
9 Ibid., p. 177. 
8 
By identical elements are meant mental processes 
which have the same cell r8tion in the brain as 
their physical correlate. 
Thus the explanation of transfer in terms of identical 
elements to make it elastic enough to cover all cases was 
extended to the realm of neurological hypotheses. 
Rosskopf makes this observation concerning the doctrine 
of identical elements. 
The percentage of transfer from one learning 
situation to another learning situation is alway s 
less than 100 per cent. Direct practice in one 
learning situation increases the success in that 
situation but the success in another learning 
situation is proportional to the number of 
identical elements in the two situations. It 
seems, then, that the amount of transfer '"ill 
depend upon doing over again in a second situation 
those elements or comnonents that are common to 
it and to a first learning situation.ll 
Orata has made a study of the doctrine of identical 
elements and its relation to transfer of training. In the 
experimental studies that support the theory of identical 
elements he shows weaknesses in experimental design and 
interpretation of results. A great deal of evidence is being 
gathered to show that students do not learn in any sense of 
being able to transfer by practicing processes in isolation. 
10 Edward L. Thorndike, Educational Psychology, Briefer 
Course. (Nelil York: Teachers College, Columbia University, 
1916) P• 269. 
11 Myron P. Rosskopf, "Transfer of Training." The Learning 
of Mathematics: Its Theory and Practice. Twenty-First 
Yearbook of The National Council of Teachers of 
Mathematics. (Washington, D.C., 1953) p. 209. 
9 
r 
I 
I 
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I' 
Practice of the same response merely increases 
facility in producing that response, whatever its I 
nature and its level of usefulness and maturity. 
If one repeats the definition of some term 1 
without understanding its meaning, one cannot I 
through repetition acquire meaning for the · 1 
term, however proficient one may b ecome in say- 1 
ing or writing or thinking the definition. • • · 1 
For the definition ••• to possess meaning, I 
the learner must resp ond to the definition • • • 
1
! 
in a variety of ways.l2 
The theory of identical elements is closely associated II 
with the "drill theory" wl':d ch has played an important role I 
in determining instructional practices in arithmetic and has 
resulted in great emphasis up on specificity of learning. 
Judd was one of the first to differ with the doctrine 
of identical elements. He emphasized generalizations. He 
believed experience in one situation could be generaliz ed 
and applied by t h e learner in many other situations. In an 
exp eriment demonstrating his view he had two groups of b oys 
shoot d arts at a submerged target. Prior to this one group 
of boys h ad been taught the theory of refrac tion of l ight 
but the other group had not. Both groups made similar 
errors at first but wh en t h e target was submerged to a 
grea ter depth t h e instructed group applied the principle of 
i 
I 
12 vlilliam A:-Erownell, "Problem Solving. II _!he Psychology I 
of Learning. Forty-First Yearbook of the National 
Society for the Study of Education, Par t II. (C h icago: 
University of Chica go Press, 1942) p. 437. j. 
,, 
~I 
I' L 
10 
refraction of light and did much better than the group that 
13 
had not been told about the refraction of light. 
A similar experiment was made by Hendrickson and 
14 
Schroeder who had their subjects shoot BB shot at a submerged 
target with an air rifle. The results were about the same, 
although they found that the theoretical information also aided 
in learning to hit the target in the first situation. 
Kingsley says: . 
Transfer through generalization is not merely a 
matter of elements trained during practice appear-
ing as actual components of the new functions. 
The generalization is a form of comprehension 
which applies beyond the training situation to 
other situations of the same general class. It 
should be noted, however, that the mere knowledge 
of the principle will not insure transfer of 
training to new situations. Its general 
applicability must be realized, and the learner 
must be able to see the possibility of its 
application to the new situations.~5 
Humphreys tells us that Judd and Gestalt psychologists 
believe: 
Learning, meaningfully organized, transposes or 
transfers more readily than material learned in 
a meaningless rote fashion. vThen multiplication 
is taught by methods that stress the meaningful 
13 Charles H. Judd, "The Relation of Special 'Training to · 
General Intelligence. 11 Educational Review 36: 28-42; 
1908. 
14 Gordon Hendrickson and William H. Schroeder, "'Transfer of 
Training in Learning to Hit a Submerged Target. 11 Journal 
of Educational Psychology 32: 205-213; 1941. 
15 H. L. Kingsley, Op. Cit., p. 540-41. 
11 
order of aritbmetrc processes, considerable 
transfer results.l6 
Katona is one who has done much work on transfer dealing 
i.'Ii th meaningful learning. He has measured the relative ef-
fects of understanding and repetition as methods of learning 
to solve problems, and the ability to apply wha t is learned 
to new problems. His experiments have been repeated many 
times to s afeguard against error and the results prove that 
while senseless learning does not transfer to any desirable 
extent, meaningful learning does. 17 Katona, in summarizing 
the results of his investigations of methods of instruction 
to be used in his experiments on learning and transfer of 
training says: 
Both problem~solving and meaningful learning 
consist primarily of changing or organizing the 
material~ The role of organization is to estab-
lish or to discover or to understand an intrinsic 
relationship • • • learning by understanding· 
consists of grouping a materf~l so as to make an 
inner relationship apparent~ . .. 
Katona19 and Hendrix20 both give valuable hint_s on ways 
of instruction that will promote transfer. They both stress 
the importance of discovery, of exploration, and reconstruc-
16 L. G. Humphreys, Op. Cit., P• 14. 
17 P. Orata, Op. Cit., P• 85. 
18 George Katona, Organizing and Memorizing. (N~v York: 
Columbia University Press, 1940) 318p. 
19 Ibid., 318p. 
20 Gertrude Hendrix, "A Nevi Clue to · Transfer of Training." 
Elementa r;,y School Journal 48: p. 198; Dec. 1947. 
12 
tion or reorganization of experience. They also stress the 
importance of non-verbalized knowledge of a principle. In 
fact, in her experiments Hendrix tells us that the highest 
transfer effects were achieved in a group taught by unver-
balized awareness procedure and the lowest transfer efforts 
'\ttere achieved in a group in w;hich the generalization \vas 
stated. She admits that her results need to be tested further 
but she feels that enough work has been done to state the 
following hypotheses: 
1. For generalization of transfer power, the 
unverbalized awareness method of learning 
a generalization is better than a method in 
vThich an authoritative statement of 
generalization comes first. 
2. Verbalizing a generalization immediately 
after discovery does not increase the transfer 
:povTer • . 
3. Verbalizing a generalization immediately after 
discovery may actually decrease the transfer 
power. ~1 
Some experimental work has been done on ' the theory of 
generalization and its effects on transfer of training in 
arithmetic. A few of the important experimental studies 
are cited below. 
McConnell has done experimental work along this line. 
In his investigation one group of second grade pupils learned 
the addition and subtraction combinations by procedures which 
emphasized discovery, organization, and generalization. 
21 G. Hendrix, Op. Cit., p, 198. 
13 
il 
l 14 --- -~ =------
Another group learned by procedures which stressed 
1 authoritative identification, mixed practice, and specific 
drill. The experiment lasted about eight months. During 
this time three tests of transfer to untaught processes were 
given and a fourth measure of transfer wa s included in the 
final comprehensive testing. The differences on all four 
tests favored the meaningful procedures, _although only one 
t t . t' 11 . . 'f' t 22 difference was s a J.s J.Ca y sJ.gnJ. J.c an • 
Thiele compared the learning of one hundred addition 
facts by t h e methods of specific repetition and meaningful 
generalization. At the end of the exp eriment Thiele adminis-
tered a transfer test composed of thirty addition examples, 
each of which contained one addend Brger than ten. The 
results showed that the pupils who were taught by the 
generalization method did better on the test. 23 Thiele says: 
22 
123 
In the l ight of the outcomes of the study on 
which this report had been based, there seems 
to be strong evidence to support the faith2~f those who would, in the words of Brownell, 
T. R. :JYicConnell, Discovery Versus Authoritative· Identifica-
tion in the Learning of Children. Studies in Education, 
Vol 9, No. 5. (Iowa City: University of Iowa, 1934) 
P• 13-62. 
c. Louis Thiele, The Contributions of Generali~ation to 
the Learnin of the Addition Facts. Contril;mtionst~ 
Education, No. 763. New York: Bureau of Publications, 
Teachers College, Columbia University, 1938) p. 78. 
24 vfi lliam A. Brownell, "Psychological Considera tion-s in the 
Learning and the Teach ing of Arithmetic. ·n · Teaching of 
Aritbmetic. Tenth Yearbook of the National Council of' 
Teachers of Mathematics. (Nevr York: Bureau -of Publica- 1, 
tions, Tea chers College, Columbia University, 1935) p. 225-67. 
"make arithmetic less a challenge to the :pupil's 
memory and more a challenge to his intelligence." 
Swenson had teachers employ three different learning 
and teaching procedures in an experiment that she conducted. 
One group of children was taught by a method that emphasized 
the formation of specific bonds without ~ny effort to 
rationalize the correct responses or to discover them. In 
fact, the children were discouraged from attempting to derive 
answers meaningfully. The next group was encouraged to 
discover and formulate meaningful generalizations - - - in 
other vJords they were taught in a meaningful v.ray. The third 
group was given an opportunity to verify the answers to 
taught combinations by grouping the sums in a definite order. 
Each group was given an arithmetic period of 25 minutes a 
day. She discovered that .the group which was taught by the 
·generalization method was superior to the other groups in 
the amount of transfer. 
The method of meaningful generalization was 
significantly superior in number of combinations 
learned, in retention, and in transfer to un-
taught addition items and untaught subtraction 
combinations. Children did learn under the 
method which held meaningful comprehension and 
organization in a minimum but learned less 
effectively than under the meth~% which put a 
premium on insightful activity. 
25 Esther J. Swenson, "Organization and Generalization as 
Factors in Learning, Transfer and Retroactive Inhibition. 11 
Learning Theory in School Situations. University of 
Minnesota Studies in Education, No. 2. (Minneapolis: 
University of Minnesota Press, 1949) Introduction, p. 3. 
15 
- il 
Swenson also tells us that teachers can expect large 
amounts of transfer of learning among addition f acts. She also 
says that the learning of addition facts by second grade child- \! 
ren can be expected to result in highly significant amounts of 1 
'I transfer to corresponding subtraction facts under any method 
of study. The best results, however, are obtained when teach-
ing by a meaningful method. She also says that transfer to 
advanced addition processes such as carrying and addition of 
large numbers can be expected during the learning of the one 
26 
·hundred addition facts. 
The evidence concerning transfer in this study 
lends some support to the hypothesis, presented 
so frequently in recent psychological and 
educational literature, that organization and · 
generalization during the .learning process are 
decisive factors in facilitating transfer.27 
In 1931 Olander did transfer experiments involving trans-
fer of learning in simple addition and subtraction. Thirteen 
hundred pupils in the first half of the second grade took part 
in the exp eriment. Part of the pupils were taught 100 addition jl 
and 100 subtraction combinations. Others were taught 55 com- II 
binations in each process. At the end of 17 >reeks of instruc- ~ 
,, 
l1 tion and practice all pupils 'l.vere tested on the 200 combin a tions.' 
The pupils taught only the 110 combinations made as good a II 
score on the 90 combinations not studied as the score made by 
26 E. J. Swenson, Op. Cit., p. 36. 
27 Ibid., 'P• 34. 
16 
28 
those who studied all the combinations. 
The ability gained b~ children ?n 5? com~inations 
in addition and 55 similar comb1.nat1.ons 1.n sub-
traction transferred almost completely ~o t:t;e 
forty-five remaining s i mple number comb1.na~1.~ns 
in each of the two processes. Between add1.t1.on 
and subtraction little significant difference 
in transfer was found. In subtraction the 
amount of transfer was only slightly less than 
in addition. 29 
Howard conducted an experiment in 1947 where fifteen 
classes of children in grades five and six in San Francisco 
were taught fractions by three different methods. The 
children in Group A did not use visual aids and were taught 
by the drill method only. The children in Group B were 
taught by the use of audio-visual aids but had no drill. 
The children in Group C were taught by a combination of the 
methods used in the other groups. They \<Jere taught meaning-
fu l ly by audio-visual aids and by drill. At the end of the 
sixteen weeks experimental period a test was given. The re-
sults of - the test showed little superiority of one method over 
the others. However, a retention test was given after the 
summer vacation and the results showed that the children in 
Group C and Group B had . lost very little while the children 
in Group A had forgotten a great deal of what they knew at 
28 James Robert Overman, "Problems of T~ansfer in Arithmetic." 
Teaching of Arithmetic. Tenth Yearbook of the National 
Council of Teachers of l>Iathematics. (New York: Bureau of 
Publications, Teachers College, Columbia University, 1935) 
P• 176. 
29 IQ.iQ • ' p. 17 6 • 
17 
at the end of the previous school year. Tbe test results 
30 
showed that Group C was superior to Group B. 
Howard concludes with this statement: 
This study indicates clearly that if the teacher 
omits either the development of the meaning of 
arithmetic or the provision for adequate practice 
in computation there is a likelihood that the 
child will not retain what he has learned 9 
irrespective of how \<Tell he appears to answer 
questions given dir~ctly at the end of the 
learning situation.0l 
In 1949 Brownell, Moser and others conducted experi-
ments in subtraction with third grade classes to determine 
whether children profited more by meaningful or mechanical 
instruction. Children involved in the experiment were 
taught to subtract by the decomposition and equal additions 
methods of subtraction. Some were taught in a mechanical 
way and some in a rational or meaningful way. It was found 
that children taught by the decomposition method in a mean-
ingful or rational way acquired understandings which 
functioned \vell under changed conditions of subtraction. 
In other words, children taught by decomposition in a mean-
32 
ingful way were superior to others in transfer ability. 
30 Charles F. Howard, 11 Three Methods of Teaching Ari tbm.etic." 
California Journal of Educatio~~l Resea~ 1: 3-7; Jan. 
1950. 
31 ~·' p. 7. 
32 vlilliam Brownell, Harold E. Moser and Others, :MeaningfJ£1.-
Versus Mechanical Learni..ng: A Study in Grade III Sub-
traction. Duke University Studies in Education, No. 8. 
{Durham: · Duke University Press, 1949} 207p. 
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Bond supports this view: 
The child that learns the facts and manipulations 
of a:ri tbm.etic iri' a mechanical i:ray is not 1 earning 
a.ri tbmetic in the sense that he has understanding 
of qua.ntity ·when such ari understanding is needed. 
'Furthermore, such a child will not he so good a 
comr uter as one who has learned the facts and 
processes of ari tbmetic with meaning. · In other 
v:rords, a program that is formal and sets out to 
secure mastery of the facts of ari tbmetic by sheer 
deadening drill not only offers a meager course 
but it fails to accomplish the mastery at which. 
it aims. · I am voting a@.'·a inst such a prograzi1 - ~ 
because it is so meaningless and unproductive.u 3 
In 1943 Brownell and Carper conducted a study to find 
out ho·w children learn the multiplication combinations. About 
4,000 children took part in this experiment. Before receiving 
any instruction the children were given pre-tests covering 
the direct and reverse forms. Then they \<Tere given instruction 
and daily tests in the direct forms of the facts for five 
days. On the fifth day they were given a test covering all 
the combinations--both direct and reverse. It was found that 
children transferred knowledge from direct forms to work with 
reverse forms. Improvement vras greater for direct instruction 
but it was found that: 
transfer may greatly reduce the load of learning 
the combinations and may do so without explicit 
effort to this end on the part of the teacher. 
The only instructional factor which could have 
facilitated transfer was the organization of facts 
in table form. With deliberate encouragement 
33 Elias A. Bond, "Recent Changes in Point of View Relating 
to the Teaching of Arithmetic." The I,fathematics Teacher 30: 
P• 177. 1937. 
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to transfer learning and with the provision 
of generalizati ons besides those implicit in 
the tables even more transfer might be expected.34 
Rosskopf says: 
To secure maximum transfer, in the sense of apply-
ing "an integrated knm.<fledge(a whole princi -ole). • 
to all tasks involving the same principle"35 
teachers of mathematics must teach in such a way 
that demonstration exercises (or tasks} serve as 
examples of the application of the principle. 
If the learning is directed by a teacher towar d 
an understanding of how well envisaged structural 
situations can be solved, a student's probability 
of success in applying the ~rinciple to a strange, 
different structure that requires for its solution 
application of the same principle will be greater 
than if learning is directed tov-1ard memorization 
or(verbalized) generalization. 36 
Although much evidence exists which tends to support a 
"generalization theory" of transfer rather than the t h eory of 
identical elements, Sandiford has pointed out that: 
The two theories may r e say ing one and the same 
thine . The generalization developed in one 
activity may be regarded as a bond or group of 
bonds which is involved in the mastery of the 
other activity. 
Even if we could see clearly drawn differences 
between these two t h eories, it would be surprising 
if either one could be shown to be exclusively 
true. It would be b ard for t h e pr oponents of 
34 '\1/ illia.m A. Brownell and Doris 
Multiplication Combinations. 
Studies in Education, No. 7. 
Press, 1943} p. 19. 
35 G. Katona, Op. Cit., 318p. 
36 M. Rosskopf, Op. Cit., P• 217. 
Carper, Learni~he 
Duke Un1versi ty Research 
(Durham: Duke University 
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generalization to show that small isola.ted 
habits learned in one activity could not be 
utilized in other activities. Such small isolated 
habits may be automatic and utterly unconscious. 
For instance, the many intricate bonds built up 
vrhen the child is learning to stand to an up-
right position may qum probably be used v1hen he 
tries to skate. Yet these bonds are hardly 
explicit generalizations. The proponents of 
the t h eory of identical elements, on the other 
hand, must admit, as we have shown repeatedly 
that emphasis on consciou~ generalization will 
often expediate transfer.u7 
Kingsley tells us: 
If pupils are to get the fullest return from 
the study of a subject, it should be taught in 
a manner conducive to the maximum of transfer 
effects. Since transfer takes place through 
the medium of common components and generaliza-
tions, effective teaching will bear on these 
factors so that the outcomes will not be merely 
the mastery of the particular exercise for its 
own sake, but will spread beyond the limits of 
the particular conditions of the instructional 
situation to other situations and problems. 
We may promote transfer through common functional 
components by devising learning exercises in 
keeping with the demands of real-life situations, 
and by securing problems calling for methods of 
attack and analysis similar to those demanded by 
the problems confronted in daily living. The 
modern trend in arithmetic is in this direction 
with its emphasis on the achievement of accuracy 
and speed in the processes required in the trans-
actions most commonly engaged in outside the 
classroom, and with the dropping out of such 
rarely used operations as cube root, the grea test 
common divisor, least common multiple, uncommon 
applications of percentage, decimals running to 
six or eight numbers, and compound proportion. 
37 Peter Sandiford, Educational Psychology. (New York: 
Longrnans, 1928} p. 298. 
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In the up-to-date practices conducive to 
transfer children learn their ari t:b.metic 
in actual problem situations that are real 
and interesting.38 
In the Twenty-First _earbook of the National Council 
of Teachers of Mathematics Rosskopf tells us that: 
li 
I 
II 
ll 
II 
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A program of mathematics teaching that will 
develop the largest possible transfer might be 
outlined as follows: (a} Teaching should be 
for understanding; for developing concepts. 
This means that the methods of exploration, 
discovery, and organization should be used. 
At this stage a teacher should be satisfied 
with a student being able to solve tasks that 
require use of the concept for their solution; 
at this stage there should be no attempt made 
to have students or teacher verbalize the con-
cept (of course, it is pot implied that 
verbalization by a particular student should be 
discouraged}. By presentation of examples and 
work ing them out together, teacher and students 
can achieve the sort of understanding that 
seems to give maximum transfer. (b) After 
understanding is assured, enough practice is 
furnished students so that they will have an 
opportunity to reorganize or reconstruct ex-
periences in terms of the concert involved ••• 
(c) Students who progress to higher levels 
of mathematics study should learn to verbalize 
principles that are apRropriate to their level 
of progress • • • • • 9 
Humphreys believes that all theories of transfer require 
it sound initial learning and gives the following suggestions to 
II be 
li 
I! 
I 
: 38 
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followed: 
The first step in analyzing any education problem 
in terms of transfer possibilities is to decide 
on the ends to be accomplished. The second step 
H. L. Kingsley, Op. Cit., P• 551. 
lf. Rosskopf, Op. Cit., p. 220-21. 
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Kortage tells us: 
To me, transfer is not automatic but depends 
upon a deliberate attempt to interpret new 
situations in the light of past experiences, 
one might say that if there is transfer, there 
must be teaching for transfer. Rote learning, 
routine and blind rule-of-thumb procedures, 
and empty verbalism .are not good for transfer 
but rather meaningful learning and understand-
ing.42 
Overman has this to say about transfer: 
( 1) Improvement in one men tal function, through 
inst ruction and practice, often results in 
substantial gains in other related functions. 
In some cases this improvement may be as 
great as that in the function practiced. 
(2) The amount of transfer, or imr rovement 
in the untaught function, d.epends not only 
upon the relation between the taught and 
untaught functions, but upon the method 
of teaching as well. TI1e fact that no 
transfer is obtained by one method of 
teaching is no proof that considerable 
,spread might not take place with another 
method of instruction. 
(3) Transfer is greatly increased, at least, 
in some cases, by methods of teaching 
that (a) help pupils formulate general 
rules or methods of procedure from the 
sp ecific cases taught. (b) emphasize 
the likenesses between the old and new 
situation and train pupils to look for 
and recognize such lik enesses. (c) give 
pupils real understanding of method of 
procedure ·employed by making clear reasons, 
or principles underlying the method.43 
I 42 E K t - 0 c . t I • or age, p . 1 ., p. 632. 
~ 1 43 J. R. Overman, Op. Cit., p. 179 
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Thus 
learning, and to best methods of dealing vii th 
controversial issues. An effort should also 
be made to develop ideals and attitudes which 
serve, as we have seen, as generalized controls 
of thinking, feeling and conduct. Through 
these we may exp ect transfer from the classroom 
instruction to the diverse situations and 
activities of life.47 
The problem of transfer may then be considered 
almost educationally all-pervasive. It might 
almost be said that if there is to be education 
there must be transfer, for the purpose of 
education is to prepare for meeting situations 
which must inevitably differ in many respects 
from the educational situation in which the 
preparation was acguired.48 
47 H. L. Kingsley, Op. Cit., P• 553. 
48 Sidney L. Pressy and Francis P. Robinson, Psychology 
and the New Education. (Ne,., Yorlc: Harper Bros., 1944} 
P• 573. 
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CHAl'TER III 
THE PROCEDURE 
I UliDERST~~INGS AND ABILITIES 
It was the :purpose of this study to see if transfer 
1 would take place from halves, thirds, and fourths to fifths, 
sixths, and eighths when halves, thirds, and fourths were 
taught in a meaningful way. Since there were no tests 
available that could be given to test pupils' understandings 
,, of common fractions the \IJ'ri ter constructed a test to be 
given. 
If understandings are our goal, at least in p a rt, 
our practices of evaluation must include means 
of measuring such outcomes. If they do, children 
will quickly enough adapt their learning 
procedur~s to meet this demand.l 
The test was divided into two parts. The first part 
was given to test understandings and abilities involving 
halves, thirds, and fourths. The second part was given to 
test understandings and abilities involving fifths, sixths, 
and eighths. Two supplementary pages were included in the 
li 
II 
!I 
'I 
I· II 
I 
I' 
I 
I 
I! 
II 
II 
test to further check on certain abilities · and understandings. j 
The understanding s and abilities to be tested included: 
1 Harl R. Douglas and Herbert F. Spitzer, "The Importance of 
Teaching for Understanding." Forty-First Yearbook of the 
National Society for the Study of Education. ( Chicago: 
University of Chicago Press, 1946Y p. 23. 
,, 
1\ II 
I 
.I 
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1. The numerator of a fraction tells the number 
of parts. 
2. The denominator tells the size of part. 
3. Figures must be divided into fractional 
parts equally. 
4. The larger the denominator the smaller the 
size of part. 
5. If several fractions have the same denominator 
the fraction 'ltli th the largest numerator has 
the greatest value. 
6. In fractions that have the same numerator the 
fraction with the largest denominator has the 
smallest value. 
?. A fraction is a part of a whole. 
8. The greater the number of parts in a whole 
the smaller each part becomes. 
9. Fractions representing less than a whole are 
called common fractions. 
10. Ability to write a fraction when the fraction 
is given in words. 
11. Ability to write in words a fraction when the 
fraction is written in number form. 
12. Ability to write in vrords a fraction when part 
of the fraction is written in \·lords and part 
written in n~bers. 
13. Ability to name and identify fractional parts. 
28 
14. Ability to reproduce fractional parts. 
15. Ability to recognize if fractional parts 
are equal or not. 
16. Ability to recognize which of several 
fractions is the larger or largest. 
(Diagram or figures} 
17. Ability to recognize which of several 
fractions is the smaller or smallest. 
(Diagram or figu.res} 
18. Ability to recognize which of several 
diagrams are divided into equal fractional 
parts and which are divided unequally. 
19. Ability to arrange fractions according to 
size. 
20. Ability to tell which fractional diagrams 
should be put together to make a whole. 
II PROGRAM OF TESTING 
The complete test was administered on three different 
days. Part I was administered on the first day. Part II 
was administered on the second day. The two supplemen tary 
sheets were administered on the third day. There was no 
time limit given and each child was allowed to finish all 
that he could do. These tests were all administered during 
the first vreek of February before the class had been giv en 
any instruction on halves, thirds, and fourths. 
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Following the first testing period the class was given 
i n struction on only halves, thirds, and fourths. It was hop ed 
that they were taught in a meaningful way. Manipulative 
materials were used in order to try to develop meanings. All 
understandings and abilities mentioned in the previous section 
were treated in a sy ste~atic way. Then, after it was felt 
that the class had developed the necessary understandings and 
abilities with halves, third.s, and fourths, the tests were 
administered again in the same way. Part I was administered 
on the first day. Part II was administered on the second 
day and the supplementary sheets were adninistered on the 
third day. This retest took place about three weeks after 
the first testing was completed. 
III OTHER DATA AVAIL.A:BLE AND USED 
The scores on each part of both Pre-Test and End-Test 
were analyzed. Means and standard deviations were computed, 
and the difference between Pre-Test and End-Test scores was 
tested f or s ignificance. 
The results of the test also were analyzed in terms of 
their relation to Chronological Age, Mental Age, Intelligence 
Quot i ent, Arithmetic Computation, and Arithmetic Reasoning. 
Th e gain in score between Pre-Test and End-Test of Fifths, 
Sixths, and Eighth s was used in these analyses. 
The reliability of each of the exp erimental tests was 
approximated from the End-Test results using Froelich's 
30 
2 formula: 
Reliability -
n a-.:~- M (t1-M) 
a-~ - (n-1) 
in which n = number of items in the test. 
a-: standard deviation of the test scores. 
M. - mean of the test scores. 
The reliability of the End-Test of Halves, Thirds, and Fourths 
was found to be .930. The reliability of the End-Test of 
Fifths, Sixths, and Eighths was found to be .933. 
2 G. J". Froelich, "A Simple Index of Test Reliability . 11 
Journal of Educational Psychol,ogy 32: 381-85; 1941. 
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CHAPTER IV 
PRESENTATION AND AlTALYSIS OF DATA 
At the outset it is well to characterize the exp erimen-
tal group in terms of Chronolo gical Age, Intelli g ence 
Q.u b tient~ l:fental Age~ Ari tbmetic Computation Grade-Placement~ 
an~ Arithmetic Reasoning Grade-Placement~ At t h e time of 
adninistering t h e standardized ach ievement test ch ildren vrere 
in the first month of Gr ade IV. 
Tab le I shovrs the distribution of Chronolo g ical Ages in 
F ebruar y wh en t h e experiment wa s being car ried on. Th e mean 
' w + found to be 116, 29 month s or 9 , 69 years, The standard 
de~i ation we.s 8 .01. The rang e was f rom 107 to 140 month s or 
8 .91 to 11.66 yea rs. The majority of the group fell b etween 
I -~ ----
10 ~7-121 month s or 8.91-10.08 yea rs with a few overage ch ildren 
being resp onsible for the vlide r an g e of a g es. 
'I 
The mean II Table II shovrs the distribution of :Mental Ages. 
1 Th e test used was Otis Q.uick Scoring Mental Ability Test, 
Alpha A. 
2 ~! ental Age ,.,a s com:ruted from Otis Intellig ence Q.uotient 
and Ch ronological Age. 
3 The te s t used wa s Stanford Ach ievement Test, Elementary 
Ba ttery J. 
4 The test used wa s S t anford Achievement Test, Elementa ry 
Battery J. 
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was found to be 116.84 months or 9.73 years. The standard 
deviation was 11.30. The range was from 90 to 140 months or 
7.50 to 11.66 years. The majority of the group fell between 
110-129 months or 9.16-10.76 years. 
Table III shovTs the distribution of Intelligence Q,uotients. 
The mean was found to be 104.81 vThich indicates that this 
group was neither definitely superior nor inferior. The stan-
dard deviation was 12.75 and the range was from 70 to 134. 
Although the range of Intelligence Q,uotients is \vide, study 
wi l l show that a few children at either end are responsible 
for this, and that the great majority of the group fall between 
94-119. 
Table IV shows the distribution of Arithmetic Computation 
Grade-Scores. The grade-placement of the class at the time 
this test v1as administered was 4.1. The mean was 3.95 vThich 
shows that the group is average in arithmetic computation. 
The standard deviation was •51. The range was from 2.4 to 5.1. 
A study of the results will show that a few people who received 
Table V shm•TS the distribution of Ari th..metic Reasoning 
Grade-Scores. The mean for the test '1/Tas 3.76. This shows that 
the group was slightly below average in arithmetic reasoning. 
The standard deviation was .75. The range was from 2.2 to 
5.1. Once again study will sho'ltl that a few children scored 
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Table I. Distribution of Chronological Ages in Months 
Clas s Interva l Frequency 
140-142 - - - -
137-139 
134-136 - - - - - -
131-13 3 - - - - - - - -
128-130 - - - - - - - - - -
125-127 - - - - - - - - - -
122-124 - - - - - -
119-121 - - - -
116-118 - - - - - - - - - - - -
113-115 - - - -
110-112 
1 
0 
0 
0 
3 
2 
2 
3 
1 
5 
8 
107-109 - - - -
- - - - 6 
N : 31 
I'fean - 116.43 
s. D. - 8.01 
II 
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Table II. 
-- --~=-- -- ~-
Distribution of r;Iental Ages in Months' 
Class Interval Frequency 
140-144 - - - - - - - - - - - - 2 
135-139 - - - - - - 0 
130-134 - - - - - - - - - - - - 1 
125-129 - - - - - - - - 4 
120-124 - - - - - - - - - - - - 4 
115-119 - - - - - - - - - - 6 
110-114 - - - - - - - - - - 8 
105-109 - - - - - - - - 1 
100-104 - - - - - - 3 
95-99 - - - - 1 
90-94 - - 1 
N = 31 
lf ean - 116. 50 
s. n. - 11.30 
Table rrr . Distribution of Intelligence Quotients 
Class Interval Frequency 
- - - - - - - - - - 1 130-134 - -
125-129 
120-124 - -
115-119 
110-114 - - -
105-109 
100-104 
- - - - 0 
- - - - - - - - - - 1 
- - - 5 
- 6 
- - - - - - 5 
- - - - 4 
- - - - - - - - - 1 
- - - - - - - - - 3 
95-99 -
90-94 -
85-89 
80-84 - -
75-79 
70-74 - -
- - - - - - 4 
- - - - 0 
- - - - - - 0 
- - - - - - - - - - 1 
N = 31 
Mean - 104.75 
s. D. 12.75 
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Table IV. Distribution of Aritb.metic Computation 
Grade-Scores 
Class Interval 
5.0-5.1 - - - - - - - -
4.8-4.9 - - - - - -
4.6-4.7 - - - -
4.4-4.5 -
Frequency 
- - - - - 2 
- - - 0 
- - - 0 
- - - - 2 
- - - 7 4.2-4.3 - -
4.0-4.1 - -
3.8-3.9 - -
3.6-3.7 -
3.4-3.5 
3.2-3.3 
3.0-3.1 -
2.8-2.9 
2.6-2.7 
- - - - - 6 
- - - - - - - - - - - 6 
- - - - - - 3 
- - - - - - - 2 
- - - - - - - 1 
- - - - - - - - - - - - 1 
- - - - - 0 
- - - - - 0 
2.4-2.5 - - - -
- - - - - 1 
n = 31 
1/fean - 3. 96 
s. D. - • 51 
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Table v. Distribution of Arithmetic Reasoning 
Grade-Scores 
Class Interval Freguen.£:l: 
5.0-5~1 -
4.8-4.9 . -
4~6-4.7 -
4.4-4.5 -
4.2-4.3 -
4.0-4.1 -
3.8-3.9 -
3.6-3.7 -
3.4-3.5 
3 . 2-3.3 -
3.0-3.1 
2.8-2.9 -
2.6-2.7 -
2.4-2.5 -
2.2-2.3 -
- - - - - - - - - 3 
- - - - - - - - - - - 1 
- - - - - - - - - - - 1 
- - - 3 
- - - - - - - - - 0 
- - - - - - - 5 
- - - - - 1 
- - - - - - - - - - - - 5 
- - - - - - 3 
- - - - - - - 1 
- - - - - - - - - - ·2 
- - - - - - - 4 
- - - - - - - 1 
- - - - - - - - - - - 0 
- - - - - - - · 1 
1T = 31 
Nean - 3.75 
s. D. - .75 
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very high and a few scored very low but that the majority 
of the class fell between 2.8-4.5. 
Attention can now be directed to the results from admin-
istering the exp erimental tests. Table VI shows the di a-
tribution of scores on the Halves-Thirds-Fourths Pre-Test 
administered before any systematic instruction with fractions 
in Grade IV. However, the class had received ·a slight amount 
of instruction on the unit fractions one-half, one-thi rd, 
and one-fourth in Grade III. The mean of the Pre-Test scores 
v1as 59.40 and the standard deviation 20.05, with a range of 
from 20 to 94. 
The results of the second administra.tion of this test, 
following instruction with Halves, Thirds, and Fourths are 
found in Table VII. 'Fhe mean wa s found to be 105.1?. The 
standard deviation was 12.90. The range was from ?3 to 120. 
The gain made by each child from Pre-Test to End-Test 
was computed, and the distribution of these gains is shown 
i n Table VIII. The mean was found to be 45.40. The standard 
deviation was 18.?5, with a range of from 15 to 84. In 
studying the results one will find that there were no losses. 
Table IX shows the distribution of scores on the Fifths-
Sixths-Eighths Pre-'I'est prior to any instruction on Halves, 
Tr~rds, and Fourths in Grade IV. The range is from ? to 114. 
Th e mean vle.s found to be 62.16 which seems rather high because 
the group had had no systematic instruction. on Fifths, Sixths, 
and Eighths prior to this gre,de and very little on Halves, 
1: Thirds, and F ourths . The standard deviation wa s 27 . 00. 
Table X shows the results of the second administ rati on 
of this test after the class had received instruction on 
1: Halves, Thirds , and Fourths. The range was from 76 to 145 . 
I! 
The mean 'ill&.s found to be 116 . 25 and the standard deviation 
I 
11 
was 18 . 45. 
The gain made by each child from Pre- Test to End-Test 
1 was computed; and . the distribution on these gains is shovm in 
Table XI . The range was from 16 to 90 . The mean was found 
to be 53.50 and the standard deviation 19.00 . Once again it 
1
1 
will be seen that there were no losses . 
II To test the statistical significance of various differ-
II ences between Pre-Test and End-Test Scores, it was most 
IJ advantageous to work directly with the several distributions 
I 
I of differences (gains) between Pre-Test and End-Test . (see 
II Tables VII I and XI) 
'I In each instance the difference b e tween Pre-Test mean 
11 and End-Test mean wa s equivalent t o the mean of the distribu-
l tion of differences . The standard error of the difference 
1
1 betv1een means was calculated from the formula SE : ~ 
diff I r"l - l ' 
jl in 1.-rhich () is the standard deviation of the distribution 
I 
1\ of differences. The t-ratio was calculated from the f ornmla 
J'rl d ··ff 
1 t : SE d iff , in which the numerator is the mean of the 
I 
!! distribution of differences (which is equivalent to the dif-
ference between Pre-Test and End- Test means} and the denomina-
" tor is the standard error of the differences . 
ll 
II 
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Table VI. 
1--
Distribution of Scores on 
Halves-Thirds-Fourths Pre-Test 
Class Interval Frequency 
90-94 - - - - - - 2 
85-89 - - - - - - - - - - 1 
80-84 - - - - - - - - - - - - 3 
75-79 - - - - - - - - - - 4 
70-74 - - - - - - - - - - - - 0 
65-69 - - - - - - - - 4 
60-64 - - - - - - - - - - 2 
55-59 - - - - - - - - - - 3 
50-54 - - - - - - - - - - 2 
45-49 - - - - - - 0 
40-44 - - - - - - - - - - - - 4 
35-39 - - - - - - - - 1 
30-34 - - - - - - 3 
25- 29 - - - - - - - - - - - - 1 
20-24 - - - - - - - - - - - - 1 
N..:. 31 
lif e an - 59. 40 
s. D. - 20.05 
~-= -.=--_- --::::.... 
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Table VII. Distribution of Scores on 
Halves-Thirds-Fourths End Test 
Class Interval Frequency 
- 3 118-120 -
115-117 - -
112-114 
109-111 -
- - - - - 6 
- - 5 
- - - - 2 
- 3 106-108 - - - - - -
103-105 
- - - - - 3 
100-102 - - - - - -
97-99 - - - - - - -
- - - 0 
3 
94-96 - - - - - - - 0 
91-93 - - - - - - - - - - - 1 
88-90 - - - - - 1 
85-87 
82-84 -
79-81 
?6-78 - -
- - - - - 0 
- - - - 2 
- - - - - - - 0 
- - - - - - - - - 0 
?3-75 
- - - 2 
N: 31 
Mean - 105.1? 
s. D. - 12.90 
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Table VIII. Distribution of Gains from Pre-Test to 
End-Test on Halves-Thirds-Fourths 
Class Interval Freguency 
80-84 - - - - - - - - 3 
75-79 - - - - - - - - 0 
70-74 - - - - - - - - - - 3 
65-69 - - - - - - - - - - 0 
60-64 - - - - - - - - 1 
55-59 - - - - 1 
50-54 - - - - - - - - 2 
45-49 - - - - - - - - 5 
40- 44 - - - - - - - - 0 
35- 39 - - - - - - - - - - 5 
30-34 - - - - - - - - - - 6 
25-29 - - - - 1 
20-24 - - - - - - - - 3 
15-19 - - - - - - - - 1 
N : 31 
l ife an - 45 . 40 
S. D. - 18. 75 
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'fable IX. Distribution of Scores on 
Fifths-Sixths-Eighths Pre-Test 
Class Interval Freauency 
109-114 - - - - - - 1 
103-108 - - - - - - - - 0 
9?-102 - - - - - - - - 4 
91-96 - - - - - - - - - - 2 
85-90 - - - - - - - - - - 1 
79-84 - - - - - - - - 1 
73-78 - - 1 
67-72 - - - - - - 3 
61-66 - - - - - - 2 
55-60 - - - - - - 5 
49-54 - · -- ------- 1 
43-48 - - - - - - 3 
37-42 - - - - - - - - - - 2 
31-36 - - - - 1 
25-30 - - - - - - - - - - 0 
19-24 - - - - - - 2 
13-18 - - - - - - - - 0 
7-12 - - - - ~ 
N = 31 
Mean - 62.12 
s. D. - 27.00 
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Table X. Distribution of Scores on 
Fifths-Sixths-Eighths End-Test 
Class Interval Freguen£:1 
141-145 - - - 2 
4 
- 4 
136-140 - - - - - - - - -
131-135 - - - - - - - -
126- 130 - - - - - - - 1 
121-125 - - - - - - - 3 
116-120 - - - - - - - - - 3 
2 
2 
111-115 - - - - -
106-110 - - - - -
101-10 5 - - - - - - - - - - - 3 
96-100 - 2 
91-95 - - - - - - - - - - - 2 
86-90 - - - - - - - 1 
81-85 - - - - - - - 1 
?6-80 - - - - - 1 
N = 31 
JY.Lean - 116. 25 
s. D. - 18 .45 
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Table XI• Distribution of Gains from Pre-Test to 
End-Test on Fifths-Sixths-Eighths 
Class Interval 
86-90 - -
81-85 -
76-80 - -
71-75 -
66-70 -
Freouency 
- - - - - - - - 1 
- - - - - - - - - 2 
- - - - 3 
- - - 2 
- 1 
61-65 - - - - - - - - - - 3 
56-60 - - - - - - - - - - 1 
51-55 - - - - - - - - 2 
46-50 - - - - - - 4 
41-45 - - - - - - - - - -
36-40 - - - - -
31-35 - - - - - - - - - -
26-30 - - - - - - - -
3 
- 4 
- - 1 
2 
.. 1 21-25 -
16-20 - - - - - - - 1 
!1ean - 53. 50 
s. D. - 19 . 00 
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These calculated data are summarized below in Table XII" 
Table XII. t-ratios for Differences between Pre-Test 
and End-Test Means 
'I 
===============================:=:::==== li 
t-R J II Differences Between M.eans Standard 
Deviation 
Standard 
Error of 
Differences 
a II 
Halves-Thirds-Fourths 
l pre-Test and End-Test 
Fifths-Sixths-Eighths 
1 Pre-Test and End-Test 
45.40 18.75 I 13, 2~1 
15. 4J~ 
3.42 
53.50 19.00 3.46 
~ ------------~-------------------------------~1: I 
,I The nature of the experimental data calls for the one-
I 
tailed test of significance rather than the tvro-tailed test. 
With N: 31, there are N- 1 or 30 degrees of freedom (df). 
I' The corresponding critical values for the t-ratio are 1. 70 
at the 5%- level and 2.46 at the 11S level. 
The t-ratio of 13.27 shows that systematic instruction 
, in Halves, Thirds and Fourths was responsible for a very sig-
' 
, nificant gain in mean achievement-level involving these frac-
11 tions. 
The t-ratio of 15.46 shows that this systematic instruc-
1 
tion in Halves, Thirds, and Fourths also lead to a very 
significant gain in mean achievement-level in the test involv-
ing Fifths, Sixths, ru1d Eighths. These latter fractions were 
not taught systematically in any way. 
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.An attemp t was made to study the rela tion between trc:m s-
fer ( gain on P ar t II or gain on Fifth s-Sixths-Ei ghth s) and 
p ossib le related factors, su~h a s: Chronologi cal Ag e, I<Iental 
Age, Intelli g ence Q.uotient, Ari t hm.etic Comput a tion Grade:-Sco r e, 
Ar i t :bJ.n etic Reasoning Grade-Score, and End-Test on P a rt I. The .1 
I 
coefficient of correla tion \<Tas calcul a ted between gain on Part · 
II and e a ch of these rel a ted factors. These coefficients 
a re summarized belo\!T in Table XIII. 
Table XIII. Coefficient of Correlation b etween Gain on 
Part II and Related Fa ctors . 
Ga in on Part II and Chronologica l Age -0.070 
Gain on P art II and Nent a l Ag e -0. 125 
Gain on Part II and Intelli g ence Q.uotient -r-0 . 095 
Ga in on Part II. and Aritrm1e tic Comput a tion -0. 407 
Ga i n on P Ert II and Ari t bmetic Rea soning -0.405 
Gai n on P a rt II and End-Test on P a rt I -t-0. 083 
With df : 30, the critica l values for determining whether 
or not t h e magnitude of a coefficient of co r rela tion is sig-
ni f icantly different from zero a re 0.349 a t t h e 5.fo- level and 
0.449 a t t h e 1 %- level. 
The only coefficients found to be sta tistical1y signifi-
cant were t h ose invo1ving t h e Gain on Pa rt II in r elc~tion to 
Ari t r..metic Comptm;,tion and Ari thm.e tic Re a soning . Th e c o eff i-
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ci ent of correla tion betv-reen gain on Part II and Chronologi c a l 
Age 1.va s -0.070. The coefficient of correlation b etvreen gain 
on Part II and Menta l Age 1.vas -0.125. Th e coefficient of 
corr el a tion between ga in on P a rt II and Intelli ~ence Q,uotient 
vtas+ 0.095. The coefficient of correlation bet1.veen ga in on 
Part II and Arithmetic Computation vra s -0.407. The 
coefficient of corr elation bet1.•reen gain on Part II and Ari th-
metic Rea soning was-D.405. The coefficient of correla tion 
between gain on Part II and End-Test of Part I was .,.0.083. 
These results would lead one to believe that Chronolo gical 
Age, IYiental Age, Intelli g ence Q,uotient, and the Resul t _s 
of End-Test I do not affect transfer ability significantly, 
and that Arithmetic Computation and Arithmetic Reasoning are 
inversely related to transfer to a significant degree. H01.vever, 
it was found that many children who received a lo\11 score on 
the Pre-Test of Fifths-Sixths-Eighths were able to g ain more 
on the End-Test than some of the children 'I.AJho scored 
rela.tively h igh on the Pre-Test. The following might be 
cited as an example of t h is. The child who received 113 on 
t h e Pre-Test could only have made a gain of 35 on the End-Test 
if she received a perfect score while the child \vho scored 
7 on the Pre-Test made a gain of 81 on the End-Test but 
could have made a gain of 141 if she had received a perfect 
score. In fact, it \vas found t b.at out of the class of t h irty-
one , t vJ enty- six made more gain on t h e End-Test t h an it 
49 
II 
I 
vH3.S possible for this child \vho made 113 on t h e Pre-T e s t 
to gain. Any number of other cases could also be cited to 
shovr results comparable to t h is. 
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I 
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CHAPTER V 
CONCLUSIONS AND LDHTATIO:t.TS 
I CONCLUSIONS 
1. Instruction in one area of common fr actions may b e 
transferred to another area of common fractions and 
produce a significant gain in skill and understand-
ing. 
z. \Vhen children a re taught to vlOrk with com..."Uon fractions 
such a s halves, t hirds, and fourths in a meaningful 
way, transfer vlill t ake :place. Teachers may utilize 
this transfer ability when vlorking wi th fifth s, 
six ths, and eighths. 
3. In t his study no significant correla tion was found 
bet\'Teen the amount of transfer and factors such as 
Chronological Age, I1 ental Age, Intelligence Quotient, 
and End-Test of Part I. A significant negative 
correla tion was found between Gain on Part II and 
Arithmetic Computation and Arithmetic Reasoning. 
Th ese rath er surprising coefficients were due large-
ly to t h e fact that children who scored high on 
Pre-Tests did not and could not gain as much as 
ch ildren who scored low on Pre-Tests. 
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II Lll1ITATIONS OF THE STUDY 
1. 'I'hi s study vms based on the results obtained by 
testing only one class of 31 children. 
2. 'I'he correlation tecbnique used in this study did not 
give a necessarily valid indication of the rela,tion 
betv.reen transfer and factors such as Chronologi cal 
. . 
Age, !·~ ental Age, Intelli g ence Q,uotient, Arit:b..metic 
Computation, Ari t:b..metic Reasoning, and End-Test of 
Part I. 
III SUGGESTIONS FOR FURTHER STUDY 
1. Administer the test to a greater nu.mber of classes 
and communities. 
2. Explore sex differences in the ability to transfer. 
3. Revise the test in a manner v.rhich v.rould give the 
child who scores high on the Pre-Test an o:pr ortunity 
to make substant-ial gains on the End-Test. 
4. Use some other technique to study relationships 
between the amount of transfer and factors such 
as Chronological Age, liental Age, Intelligen ce 
Q,uotient, Ari tbmetic Computation, _ Ari tbmetic 
Reasoning, and End-Test of Part I. For example, 
. . ' 
the correlation might be found beh.reen the r a tio 
of gain mad e to :possible gain and eacb of the fac-
tors mentioned. 
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5. Do an item analysis of the test investigating item 
difficulty and power of discrimination. 
6. P~alyze the test results by sections or parts and 
study the relationship between eacb part an~ related 
factors such as Chronological Age, l~ental Age, 
Intelli gence ~uotient, Arithmetic Computation, 
Arithmetic Reasoning and End-Test of Part I. 
7. Compare the amount of gain through transfer with the 
gain t h rough direct tea ching. 
8 . Repeat the experiment using a control group to 
confirm the significance of the transfer effect 
when the test-retest practice effect has been 
measured and tak en into considera tion. 
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